Executive Summary
has been administered to those predicted to be living in the U.S., as well as those predicted to be living outside the U.S. during the survey period based on data from the DRF. This paper includes the following findings related to mobility of foreign nationals after their degree award:
 The 5-year stay rate for foreign students who had temporary visas at graduation was 70 percent in 2013, and the 10-year stay rate was 62 percent.
 Compared with estimates for earlier years, these latest stay rates indicate that the proportion of foreign doctorate recipients to stay in the United States after graduation is at its highest level.
 Few significant differences were found in stay rates by discipline, except that the social and related sciences continue to stay at a lower rate than other fields, e.g., a 10-year stay rate of only 42 percent for temporary residents receiving U.S. doctorates.  A small proportion of foreign doctorate recipients reported that their graduate education was financed with money from foreign sources and this group had stay rates in the 20 to 25 percent range.
In addition, we estimated the rate at which foreign doctorate recipients become U.S. citizens. It is very low for the first five to seven years after their degree award. Then the rate increases sharply with each year since graduation, rising to about 30 percent of foreign doctorates receiving degrees 12 years earlier.
Though the rate may continue to increase with more years since graduation, the 2013 SDR data has no further international residency information on older cohorts with degrees awarded before 2001. This coverage issue for older cohorts does not exist in the 2015 SDR due to a sample redesign and size increase.
Introduction
This report provides estimates of stay rates for foreign students who received doctorates in science or engineering (S/E) from U.S. universities. For this paper, the stay rate represents the proportion of foreign doctorate recipients from U.S. universities who stayed in the United States after graduation for any reason and is always specific to a particular year. Each line in the tables 2-9 that follow describes a different group of these degree recipients.
Data and Methods
The data source for this report is different from previous reports on stay rates by Dr. Michael Finn. These earlier reports (e.g., Finn, 2014) used data from the National Science Foundation's Survey of Earned Doctorates (SED) in conjunction with administrative data from the Social Security Administration (SSA). The stay rate was derived using SED data to identify the U.S.-degreed, foreign national doctorate recipients matched with SSA data on the proportion who were paying taxes five or ten years after graduation. While these administrative data have a number of advantages, the number of doctorate recipients who chose not to share their social security number with the SED was rising over the years. Additionally, nearly 10 years ago the SED stopped asking doctorate recipients for full social security numbers, which made the use of administrative data much more difficult.
For this report, we make use of survey data from the 2013 Survey of Doctorate Recipients (SDR). The 2013 SDR included two sample components: The National Survey of Doctorate Recipients, which includes U.S.-degreed doctorate recipients predicted to be living in the United States after graduation, and the International Survey of Doctorate Recipients, which includes U.S.-degreed doctorate recipients predicted to be living outside the United States. The sample design incorporated a stratification factor based on last known location of the individual, integrating the national and international sample components. Thus the 2013 SDR sample of 47,078 cases consisted of 40,000 cases from the national component and 7,078 from the international component. The overall sampling rate was about 5 percent, and the overall response rate about 76 percent. Because this is a sample survey the estimates are subject to sampling error. The technical appendix provides more information on the reliability of estimates in the report. Tabulations from these surveys were performed by the National Opinion Research Center in response to a request by ORISE.
Use of the 2013 SDR served as a pilot study to evaluate this potential new data source. As this paper demonstrates, descriptive statistics derived from these surveys were very similar to those derived from the Social Security Administration data used historically. Updated Social Security Administration data have just recently become available, allowing us to do a more precise comparison by cohort with the 2013 and 2015 SDR in the near future. Therefore, we plan to use data from the 2015 SDR to produce updated long-term stay rates for the upcoming National Science Board's Science and Engineering Indicators 2018 report. This pilot report includes stay rate estimates from the 2013 SDR, providing some new information on this topic prior to the publication of the 2018 Indicators report.
The paper shows estimates for stay rates five and ten years after graduation. Usually, one would expect the 10-year stay rate in 2013 to give the proportion of the persons receiving S/E doctorates in the academic year ending in the summer of 2003. However, in an effort to reduce the impact of sampling error, we instead calculate a 10-year stay rate using not only One of the advantages of using data from the combined Survey of Doctorate Recipients is that there is some interesting information that was not available when estimates were made from SSA administrative data. For example, because a question about citizenship in 2013 was asked, it is possible to measure the extent to which these foreign doctorate recipients not only stay in the United States but also become United States citizens. Table 2 shows that the 5-year stay rate for all foreign students receiving doctorates in 2007-2009 was 72 percent. As was found in earlier studies (Finn, 2014), the social and related sciences had a stay rate that was notably lower, 55 percent. Studies of earlier cohorts have shown that stay rates tend to decline somewhat during the period from 5 to 10 years after graduation. Table 3 shows the 10-year stay rate for all foreign students receiving doctorates during 2002 to 2004. While this is a different cohort from the cohort shown in Table 2 , it does show a somewhat lower stay rate of 65 percent after 10 years. 
Trends in Doctorate Awards

Stay Rates of Recent Graduates
Stay Rates for Temporary Residents
The previous discussion focused on the stay rate of all students who were foreign citizens at the time they received doctorates from U.S. universities. This definition includes both those who had temporary visas and those with permanent visas. Most discussions of foreign graduate students, however, refer only to those on temporary visas. For example, the National Science Foundation's Survey of Graduate Students and Postdoctorates in Science and Engineering is a source of information on total and foreign student enrollment in graduate S/E programs. However, it defines foreign students to include only those on temporary visas and combines those on permanent visas with U.S. citizens.
There is value in the calculation of a separate stay rate for temporary residents as it conforms to the more typical definition of "foreign student." Also, there are some historical statistics of stay rates by country of origin that were produced only for students on temporary visas, and a similar definition is needed to compare the data on recent cohorts with data from earlier cohorts. Thus, this section presents estimates of stay rates for foreign students on temporary visas at the time they received their doctorate degrees. Table 4 shows the 5-year stay rates for temporary residents by broad degree field. Compared with Table  2 , which included permanent residents, this table shows much the same pattern, with the highest stay rates in the natural sciences and engineering. The 5-year stay rate for all degree fields combined in Table 4 is 70 percent. Table 5 shows the 10-year stay rates for temporary residents by broad degree field. Compared with Table 3 , which included permanent residents, this table shows much the same pattern, with the highest stay rates in in the natural sciences and engineering. The 10-year stay rate for all degree fields combined in Table 5 is 62 percent. Past studies of stay rates have shown significant variation in stay rates by country of origin. Because of the limited sample size in the 2013 Survey of Doctorate Recipients used for this study, it is not possible to provide good estimates of stay rates for countries with relatively few doctorate recipients. Table 6 shows that China and India, two countries that are source of more S/E doctorate recipients than any other country, also have the highest 5-year rates. Table 7 indicates the 10-year stay rate for the same countries/regions as the previous table. Again, China and India have the highest stay rates. One might note that the 5-year stay rates for China, India and Europe in Table 6 are lower than the 10-year stay rates for these countries in Table 7 . The difference is too small to be statistically significant, i.e., is within the margin of error associated with these estimates. As expected, overall, the 10-year stay rate is lower than the 5-year rate. It is noted that the more recent cohorts from China and India are larger than earlier cohorts, in both relative and absolute terms. In 2002-2004, these two countries accounted for 38 percent of the total doctorate recipients who were temporary residents at graduation. In 2007-2009 their share increased to 48 percent. Over time, changes in the relative share of these large source countries can impact the overall stay rates, in additional to changes in the behavior of individuals from these source countries. Tables 8 and 9 show stay rates by sex. There appears to be little or no difference in stay rates between the sexes. Previous stay rate studies (Finn, 2014 (Finn, , 2012 showed little difference initially but showed the male stay rate falling off more with time since degree than did the female stay rate. The differences shown in Tables 8 and 9 , produced by a sample survey, cannot be said to be statistically significant within a given cohort, but are consistent with the results of earlier studies. 
Comparison with Earlier Stay Rate Estimates
How do these estimates of stay rates compare with those made earlier using SSA administrative data? The earlier estimates produced five and ten year stay rates in 2011 and earlier years. Conceptually, the estimates are measuring the same thing: the percentage of foreign S/E doctorate recipients from U.S. universities who reside in the United States five or ten years after graduation. Of course, the estimates cannot be expected to agree exactly because the stay rate for more recent cohorts may have declined or increased.
In an earlier report Finn compared stay rates in 2011 with earlier estimates to ask how stay rates had changed (Finn, 2014) . He argued that since the five and ten year stay rates might have changed differently, the best way to examine a trend in stay rates overall is to take the average of the 5-year and the 10-year stay rates in 2011 and compare this with the same average for earlier times. The upward trend derived from taking the simple average of the five and ten year stay rates for each of the years is shown in Figure 4 . The estimated stay rates for 2013 are at a new high, but less than 2 percentage points above the estimates for 2011, which were also at a new high. Of course, because of sampling error in the 2013 estimates, and possible errors in the earlier stay rate estimates, we cannot state with complete confidence that the stay rate has increased to a new high. However, as noted in the technical appendix, the 95 percent confidence interval for the average of the 5 and 10 year stay rates in 2013 is approximately +/-1 percentage point for both groups shown in the figure. This does provides evidence that stay rates may have never been higher.
How Have Stay Rates Changed for Cohorts more Recent than 2009?
Estimates of 5-year and 10-year stay rates inevitably exclude the most recent cohorts. If there are concerns that the stay rate has changed for cohorts more recent than 2008, how is one to assess those concerns? We can point to two sources of data that are useful in this respect. A second way to inquire about the stay rates of more recent cohorts is to examine data on "plans to stay" from the Survey of Earned Doctorates. Historically, the data on plans to stay have shown a stay rate that is only slightly higher than 1-year stay rates estimated from SSA administrative data. (Finn, 2010, Fig. 5 ) Figure 5 shows plans to stay for S/E doctorate recipients from 2001 to 2014. Of most interest in Figure 5 is the fact that the proportion who indicated plans to stay in the United States in 2014 (76 percent) is slightly lower than the percent who indicate plans to stay in 2007-2009 (78  percent) . Thus, these intentions data show little evidence of change in the stay rate between the 2008 cohort reported on in this study and the most recent cohort for which data are available, 2014. The data do, however, indicate a slight decline in intentions to stay, so it makes sense to continue to monitor stay rates as newer data become available.
Conclusion
This report updates earlier stay rate estimates produced for 2011 and earlier years by Michael Finn. The main substantive conclusion is that stay-rates have not declined, and even appear to have increased slightly from 2011 to 2013. Other patterns, e.g. that China and India have the highest stay rates and that male and female stay rates differ very little, are consistent with earlier studies. This is significant because the stay rates in this study are measured with a completely different data source and method. The previous studies used SSA administrative data (tax records), while this study uses a sample survey of doctorate recipients from the SDR.
As shown in the technical appendix, it is very encouraging that the 95 percent confidence interval for the overall 5 and 10-year stay rate estimates is less than +/-2 percentage points. Also encouraging is that the estimates of the overall 5 and 10-year stay rates in 2013 differ very little from the estimates made using administrative data in 2011. (Finn, 2014) However, the 2013 Survey of Doctorate Recipients is less useful when attempting to estimate stay rates for smaller subsets of the total. Here we see wider confidence intervals and less ability to know that observed differences are not due to sampling error. For this reason we did not attempt to estimate stay rates for any but the largest source countries. However, the survey based estimates produce some data that would be difficult to produce from administrative data, specifically, the data on acquisition of U.S. citizenship in years subsequent to graduation.
Technical Appendix
All estimated proportions presented in this paper (stay rates and U.S. citizenship acquisition) have been examined for reliability and have a coefficient of variation of <= 30 percent, with the exception of two values presented in Figure 3 . Figure 4 includes data from previous stay rate calculations using data from the Social Security Administration for years 2001 through 2011. Confidence intervals are not available for these data series; therefore, no equivalent figure is included in this appendix. However, confidence intervals for the 2013 data points from the SDR data in this figure are: +/-1.1 percentage points for average 5-year and 10-year stay rate for temporary residents and +/-0.9 percentage point for the average 5-year and 10-year stay rate for the total of temporary and permanent residents. Figure 5 contains data from the Survey of Earned Doctorates, a population survey, so error bands are not appropriate; therefore, no equivalent figure is included in this appendix. 
